Abstract Substance use is prevalent among HIV-positive adults and linked to a number of adverse health consequences; however little is known about risk and protective factors that influence substance use among HIV-positive adults coping with AIDS-related bereavement. Using structural equation modeling (SEM), male gender, diagnostic indications of antisocial and borderline personality disorders (PD), and grief severity were tested as risk factors, and social support as a protective factor, for alcohol and cocaine use among a diverse sample of 268 HIVpositive adults enrolled in an intervention for AIDS-related bereavement. Results indicated that the hypothesized model fit the study data. Male gender, PD indication, and social support had direct effects on substance use. PD had significant indirect effects on both alcohol and cocaine use, mediated by social support, but not by grief. Finally, both PD and social support had significant, but opposite, effects on grief. Implications for intervention and prevention efforts are discussed.
including between 15,798 and 17,849 annually between 2000 (Centers for Disease Control and Prevention 2005 , and AIDS-related bereavement is an experience shared by many. While many people adapt to bereavement over time, for some grieving remains unresolved, or complicated . Complicated grief has been proposed as a distinct clinical syndrome characterized by a chronic state of mourning that impairs the survivor's psychosocial functioning. Risk factors for complicated grief include ''excessive stresses concurrent with the death'' (Mallinson 1999, p. 166) , deaths from overly-lengthy illness, and perceived lack of social support (Rando 1992) . AIDS-bereaved survivors who are HIV-positive are particularly susceptible to complicated grief as they: (a) must simultaneously cope with the loss of a loved one while being reminded of their own mortality through a loss to the same illness that is threatening their own lives (Sherr et al. 1992) ; (b) are often members of disenfranchised communities and thereby receive less sympathy and support from the public; (c) may have reduced social support due to AIDS-related losses within their own communities; (d) may have been involved in a care-taking role with the lost loved one; and (e) are often coping with multiple losses (Mallinson 1999) . In non-HIV infected samples, AIDSrelated bereavement (Martin 1988 ) and complicated grief (Prigerson et al. 1997 ) have been linked to increased substance use and abuse; however, to our knowledge, no studies have examined the impact of grief on the substance use behaviors of HIV-infected adults coping with AIDSrelated bereavement.
Substance use and abuse are prevalent among persons with HIV/AIDS and are associated with deleterious health outcomes, including death (Bing et al. 2001; Chander et al. 2006; Galvan et al. 2002) . In fact, although antiretroviral drugs have lengthened the lives of many with HIV/AIDS, medical professionals are now seeing an increase in non-HIV related deaths among those with HIV, with 31% of those deaths being attributed to substance use (Sackoff et al. 2006) . In a population sample of persons with HIV/ AIDS, over half reported alcohol use in the previous 4 weeks and nearly 20% reported ''heavy'' or ''frequent heavy'' use of alcohol (Bing et al. 2001; Galvan et al. 2002) . Galvan and colleagues (2002) also found that 16.9% had used cocaine or heroin, and Bing and colleagues (2001) found that half had used an illicit drug in the last 12 months. Additionally, cocaine and alcohol use have been associated with nonadherence to antiretroviral and mental health treatment (Cook et al. 2001; Tucker et al. 2003) . Given the prevalence of substance use and associated problems among HIV-positive adults, there is a need to know more about the risk and protective factors for substance use behavior in this population in order to reduce substance use and abuse and improve health outcomes.
Persons living with HIV/AIDS are also more likely to suffer from personality disorders (PD), particularly antisocial PD and borderline PD (Golding and Perkins 1996; Taylor et al. 1996) . Although there is a paucity of research pertaining to PD among HIV-infected persons (Singh and Ochitill 2006) , research in the general population and broader clinical populations documents an association between antisocial PD and borderline PD and substance use disorders (Compton et al. 2005; Feske et al. 2006) . Further, patients with borderline and antisocial traits are difficult to engage in treatment, are frequently non-adherent, and continue to engage in HIV risk behaviors (Palmer et al. 2003; Singh and Ochitill 2006) .
Among persons grieving the loss of a loved one, alcohol use and a history of mental illness have been viewed as risks for developing complicated bereavement (Ellifritt et al. 2003) . Additionally, people with PD frequently experience unstable and tumultuous interpersonal relationships, maladaptive coping styles, and engage in selfharm and high-risk behavior (American Psychiatric Association 1994) . The process of bereavement may exacerbate and highlight these maladaptive ways of coping. One outlet for coping with negative emotion and loss is through the use of substances. The use of substances to cope with an AIDS-related loss among those living with HIV/AIDS and PD is particularly concerning given the negative consequences of substance use on health in people living with HIV infection (Neuman et al. 2006; Sackoff et al. 2006) .
Social support has been identified as a protective factor for life stressors (Cohen and Wills 1985) and linked with decreased distress in HIV-positive adults (Hays et al. 1992) , particularly during later stages of disease progression (Balbin et al. 1999; Miller and Cole 1998) . Recent evidence suggests a positive association between social support and the use of antiretroviral treatment, although the relationship appears to be contingent upon disclosure of HIV status (Waddell and Messeri 2006) . In addition, social support has been linked with more use of active coping strategies and less use of avoidant and self-destructive coping strategies (Tarakeshwar et al. 2005) . In turn, low levels of social support have been linked to grief and suicidal ideation in bereaved samples (Rosengard and Folkman 1997) , including complicated grief reactions (Ott 2003 ); a greater use of self-destructive coping, including drinking more than usual, among HIV-positive gay and bisexual men (Tate et al. 2006) ; and more distress in HIVpositive women (Hudson et al. 2001) .
Given the negative health consequences of substance abuse in people living with HIV, and the potential for grief to exacerbate substance use, particularly in those with PD characteristics, the present study examined the relationships between these variables in a sample of persons with HIV/AIDS who have experienced an AIDS-related loss. Specifically, this study investigated a structural model of the relationships between antisocial PD and borderline PD characteristics, participant gender, and alcohol and cocaine use. Additionally, the potential mediating effects of social support and grief were examined in the model. The study hypothesized that social support would have a direct negative effect on substance use; grief would have a direct positive effect on substance use; PD characteristics would be directly related to substance use, and indirectly related to substance use through both social support and grief; and participant gender would be directly related to substance use, with men reporting more use than women, and that gender would be indirectly related to substance use through both social support and grief. To test these hypotheses, structural equation modeling (SEM) was used to test the significance of the hypothesized relationships between variables, as well as the overall fit of the hypothesized model to the actual data.
Methods

Participants and Procedure
A total of 268 HIV-positive participants (94 women, 174 men) were recruited in Milwaukee, WI, and New York, NY to take part in a randomized, controlled trial of a group intervention for coping with AIDS-related bereavement (Hansen et al. , 2007 Sikkema et al. 2006) . Participants were recruited through HIV service organizations and medical and mental health care providers between June 1997 and April 1999. HIV-positive individuals who had lost a partner/lover, spouse, family member, or close friend to AIDS were included according to the following eligibility criteria: (a) health care provider verification of HIV-positive serostatus; (b) experience of an AIDS-related loss not less than 1 month and not more than 2 years ago; (c) not currently psychotic, as measured at screening by the Structured Clinical Interview for DSM-IV Screen Patient Questionnaire (SCID Screen PQ; First et al. 1996); and (d) no more than mild cognitive impairment as measured by the Mini Mental Status Exam (MMSE; Folstein et al. 1975) . Of the 322 persons initially screened, 54 people began the screening process but did not enter the study (38 dropped out voluntarily, 15 were ineligible to participate, and 1 died). Those who did not participate differed from participants on two variables: they were more likely than participants to be heterosexual (v 2 = 6.9, P \ .01) and had fewer sex partners who died of AIDS (Mann-Whitney U, z = -2.05, P \ .05).
Measures
Participant Gender
A dichotomous variable of participant gender was created. Three transsexual participants were coded based on their self-identification: two male and one female.
Personality Disorder Indication
The Computer-Assisted SCID-II (CAS-II) program was used to screen for PD (First et al. 1997) . As participants in this study were part of a group intervention RCT, only the screening questions for antisocial PD and borderline PD were included, as these disorders may present the most complications for group treatment. While the authors of CAS-II do not recommend using this instrument to establish a diagnosis (First et al. 1997) , a number of studies indicate that the CAS-II is a useful measure on its own. For example, the CAS-II has been shown to correlate with other measures of personality and symptoms (Piedmont et al. 2003) , have a low false negative rate (Jacobsberg et al. 1995) , have high stability over time (Ouimette and Klein 1995) , and have high sensitivity and utility as an epidemiological tool to estimate rates of PD within a population (Ekselius et al. 1994) . As no significant differences were found between participants with antisocial PD indication and borderline PD indication on study variables, and only 16 participants received an antisocial PD indication, antisocial PD and borderline PD were combined into a single dichotomous variable representing the presence or absence of a PD indication. This same procedure has also been used in a study predicting HIV symptoms and health-related quality of life (Hansen et al. 2007 ).
Social Support
A latent variable representing the construct of social support was created using the four 10-item subscales of the Interpersonal Support Evaluation List (ISEL; . These subscales include: (1) Tangible Support, which reflects the availability of material aid; (2) Appraisal Support, which measures the availability of others with whom one can discuss issues of personal importance; (3) Self-Esteem Support, which measures the presence of others who potentially bolsters one's sense of self-worth; and (4) Belonging Support, which reflects the presence of others with whom one can identify and socialize. Participants responded to each ISEL item on a 4-point Likert scale (1 = definitely true to 4 = definitely false); items were coded such that higher scores were indicative of greater perceived social support. The ISEL has demonstrated adequate criterion validity, test-retest reliability, and internal consistency . For the current sample, internal consistency was good (Tangible Support, a = .84; Appraisal Support, a = .83; Self-Esteem Support, a = .74; Belonging Support, a = .83).
Grief Severity
A latent variable representing grief severity was created using the Grief Reaction Index (GRI) (Lennon et al. 1990 ) and the two subscales of the Impact of Events Scale (IES) (Horowitz et al. 1979) . The 12-item GRI measures common grief symptoms of numbness, denial, and preoccupation with the deceased. Participant responded using a 5-point Likert scale (0 = never to 4 = very often) which were summed to yield an overall grief score such that higher scores indicated more grief (Cronbach's a = .87, current sample). The 15-item IES measures stress associated with traumatic events. It consists of two subscales, one (7 items) reflecting intrusive stress experiences such as stress-related thoughts, feelings, or bad dreams; and the other (8 items) reflecting avoidance of ideas, feelings, and situations associated with a traumatic stressor. Participants completed the IES with the loss of a loved one to AIDS as the referent stressor. Items use a 4-point Likert scale to rate how frequently the intrusive or avoidance reaction occurred, with higher scores reflecting more stressful impact. The IES has been widely used across numerous studies and has well established psychometric properties (Sundin and Horowitz 2003) . The internal consistency of the IES was good in the current sample (Intrusion, Cronbach's a = .89; Avoidance, Cronbach's a = .89).
Substance Use Variables
The substance abuse scale assessed the frequency of use of a number of substances, including alcohol, marijuana, cocaine, tranquilizers, narcotics, amphetamines, and injection drugs (Sikkema et al. 2003) . Participants rated their use of each substance over the previous 4 months on a six point Likert scale (0 = No use, 1 = Once or twice a month, 2 = About once a week, 3 = Several times a week, 4 = About every day, and 5 = More than once a day). For the current analyses, categories 4 and 5 were collapsed into a single category reflecting daily use or more. Additionally, only data on alcohol and cocaine were utilized, as reported use of other substances was infrequent.
Statistical Analysis
Structural equation modeling was used to assess the hypothesized model, including: (1) the overall fit of the model, (2) the amount of variability (R 2 ) of the latent mediating variables and outcome variables accounted for by the predictive variables in the model, and (3) the significance of the direct and indirect structural paths between predictor variables and outcome variables. The goodnessof-fit v 2 , the RMSEA, the Comparative Fit Index (CFI), and the Tucker-Lewis Index (TLI) were used to evaluate the overall fit of the model. A non-significant goodness-offit v 2 value indicates that the hypothesized model does not differ significantly from the actual covariance structure of the data. Additionally, RMSEA values under 0.06 and CFI and TLI values greater than .95 indicate relatively good fit (Hu and Bentler 1999) .
Ordinal categorical or nominal data violate assumptions of SEM using maximum likelihood (ML) estimation, resulting in inefficient estimates and increased type I error rates (Nussbeck et al. 2006) . While methods such as weighted least squares (WLS) have been developed for modeling ordinal data, they require large sample sizes. As an alternative, the robust WLS mean-and variance-adjusted v 2 test (WLSMV) was developed and shown to have good statistical properties in testing model fit with relatively small sample sizes (N = 200) and ordinal outcomes (Nussbeck et al. 2006 ). As the current study uses both dichotomous indicator variables and ordinal categorical outcome variables, the evaluation of the hypothesized structural model was conducted using WLSMV, available with the computer program Mplus.
Results
Demographic and Loss Characteristics
Participants were predominately ethnic minorities (72.8%) and impoverished, with 90.9% reporting annual incomes under $20,000. Most had completed high school or equivalent (75.7%), with 39.0% reporting some college education. Participants reported wide variability in disease progression. On average, participants had been living with HIV for 7 years (range from 2 months to 16 years), and while 35.7% report experiencing no symptoms of HIV, 45.8% reported having previously been diagnosed with AIDS. Supporting the argument that HIV disrupts, and can devastate, social support networks, participants reported tremendous numbers of HIV-related losses. As a number of men reported well over 100 AIDS-related losses, data was winsorized (a method for correcting for outliers without removing data by setting tail values of the distribution equal to a specified percentile of the data), and outliers over the 95th percentile (102 AIDS-related deaths) were recoded as having experienced 103 AIDS-related deaths, resulting in a mean of 16 deaths of loved ones to AIDS (median = 7). One participant in five (19.4%) had lost over 20 loved ones to AIDS, while only 8.6% reported one AIDS-related loss. Table 1 presents comparisons of demographic and loss info by gender. Table 2 presents descriptive information for study variables by gender. Most participants (69.8%) reported a history of substance abuse, and half (52.8%) reported receiving treatment for substance abuse at some point in their lives. Over the previous 4 months, 45.9% of participants reported alcohol use and 18.3% reported cocaine use. Participant responses on the CAS-II indicated that 28.4% of participants had indications of a PD. Although overall rates of PD indication (antisocial PD and borderline PD combined in a single variable) did not differ by gender (v 2 = .90, P = .34), it can be seen in Table 2 that rates of antisocial PD and borderline PD did differ by gender when considered independently.
Descriptive Statistics
Model Predicting Alcohol and Cocaine Use
The fit of the hypothesized structural model was tested in a three-step process. First, a confirmatory analysis evaluated the measurement model of the two latent constructs (social support and grief severity) without any structural paths (Anderson and Gerbing 1988 ). The measurement model demonstrated reasonable fit (v 2 (13) = 28.67, P = .007; CFI = .99; TLI = .98; RMSEA = .07). Second, manifest variables and hypothesized structural paths were added to the model. Similar to the measurement model, this model showed reasonable fit (v 2 (19) = 37.28, P = .007; CFI = .94; TLI = .95; RMSEA = .06). Third, an examination of variable correlations (shown in Table 3 ) and loadings within the structural model suggested that the selfesteem subscale of the ISEL was detracting from model fit. Thus, a final model was evaluated without the ISEL selfesteem subscale loading on the social support latent construct. This model, shown in Fig. 1 , achieved good fit with a non-significant v 2 (v 2 (16) = 24.33, P = .08), both CFI and TLI above .95 (CFI = .96; TLI = .97), and RMSEA below .06 (RMSEA = .04). Figure 1 also presents R 2 values for each latent variable and outcome variable, indicating the amount of variance within each construct or outcome variable accounted for by the predictor variables in the structural model. Table 4 presents all of the coefficients of the direct paths and summed coefficients of indirect paths modeled in Fig. 1 .
Alternative models were also tested, including a model with antisocial PD and borderline PD indications entered independently rather than as a combined variable, and a model including sexual orientation of participants. These models did not achieve acceptable fit, and therefore are not reported here, though patterns of relationships were consistent with the model shown in Fig. 1 . Of note, however, borderline PD, but not antisocial PD, was significantly related to grief severity when these were modeled as independent variables (though antisocial PD did trend toward significance); and though both heterosexual men and MSM were more likely to use alcohol than women, MSM were more likely than heterosexual men to use alcohol.
Discussion
The current study tested male gender, PD indications, and grief severity as risk factors, and social support as a protective factor, for substance use in a high-risk sample of HIV-positive adults who have lost loved-ones to AIDS. As hypothesized, antisocial PD or borderline PD indication had a direct effect on cocaine use, though contrary to hypotheses, there was not a direct effect of PD indication on alcohol use. Additionally, PD indication had significant indirect effects on both alcohol use and cocaine use, with this relationship mediated by social support, but not grief. Specifically, individuals with indications of PD were less likely to experience social support, and in turn, were more likely to use alcohol and cocaine. The hypothesized path through grief severity was not significant. In fact, in the current analysis, level of grief did not have any relationship with substance use. Given the frequency of substance abuse problems in people living with HIV (Bing et al. 2001) , and that substance use often precedes HIV infection, it is probable that the use of drugs and alcohol by some HIVpositive participants in the current sample represents substance use problems relatively independent of bereavement or grief severity. Additionally, people living with HIV have numerous stressors associated with their disease and social status, thus participants in this study likely have multiple potential triggers for substance use, likely resulting in greater difficulty determining the unique impact of bereavement on substance use for these participants than in less stressed populations. Additionally, our hypotheses around gender were not supported as, with the exception of male gender predicting alcohol use, there were no significant direct or indirect effects of gender on study variables. Finally, both PD indication and social support had significant, though opposite, effects on grief severity (with PD indication linked to increases in, and social support linked to decreases in, grief severity); and antisocial PD and borderline PD indications had significant indirect effects on grief through reduced perception of social support. The influence of social support within the structural model is important to note. All direct paths from social support were significant, and social support mediated all significant indirect paths in the model. Higher social support appears to be a protective factor against grief, and is related to lower levels of substance use in this sample. It is possible that the influence of social support is particularly strong within this population, which is characterized by many stigmatizing features, including HIV infection, racial/ethnic minority status, substance use, and homosexuality. Participant responses on the ISEL represent relatively low levels of social support when compared to reported responses from other studies with chronic or life threatening illnesses. For example, participants in the current sample had significantly lower ISEL scores than patients with end-stage renal disease (Symister and Friend 2003) and metastatic breast cancer (Turner-Cobb et al. 2000) . The low reported levels of social support in this sample are not surprising, however, given the potential disruptions to social support networks created by the numerous losses these participants have experienced.
There are a number of limitations to this research that should be noted. For instance, the PD indication variable does not represent a formal DSM-IV diagnosis, and while the CAS-II is likely to provide reliable estimates of the prevalence of PD in a population (Ekselius et al. 1994) , the reliability of such an indication for each individual is unknown. The substance use variables used in this study represent the frequency of use over the previous 4 months, and are not adequate to determine total level (amount) of use, or the impact of substance use on functioning, such that an indication of substance abuse could be determined. Additionally, all of the variables used in the structural model are based on participant self-report, thus variables such as PD indication and level of substance abuse may be underreported; and the data in this study are cross-sectional, limiting the ability to draw conclusions regarding the direction of relationships. The construct of grief is based on scores from the GRI and IES, both rated in relation to the loss of a loved one to AIDS. Although neither of these instruments was developed to specifically measure complicated grief, there is evidence that similar measures are useful for assessing complicated grief reactions (Boelen and van den Bout 2005) , and the IES has been used to measure intrusive and avoidant symptoms related to the experience of bereavement and loss (Sundin and Horowitz 2003) . Also, participants are seeking services (i.e., they are enrolling in a group intervention to address their bereavement related to AIDS-related loss) and share the same diagnosis as the lost loved one, indicated that they are at elevated risk for complicated grief.
The current study utilized one of the largest data sets in the HIV bereavement literature, and represents a very diverse range of participants, including women, gay and bisexual men, and heterosexual men from diverse racial and ethnic backgrounds. Additionally, data were drawn from two distinct and diverse geographical locations within the United States, New York City, which is an HIV/AIDS epicenter with comparatively extensive services and support for people living with HIV, and Milwaukee, WI, a smaller Midwestern city with comparatively fewer resources for people living with HIV infection. Given the composition of the sample, the ability of the current findings to be generalized across other HIV-positive, bereaved samples in the United States is strengthened. Further, while it is likely that variables such as grief and social support may manifest differently in different subsamples (e.g., women, MSM, heterosexual men), our data suggests that the relationship between these variables will remain similar.
Despite the prevalence, and associated complications, of PD among the HIV infected, the literature on comorbid PD and HIV infection is relatively sparse. What is most frequently noted is that these individuals are more likely to: (a) engage in substance abuse, (b) engage in ongoing HIV risk behavior that may increase the risk of transmission to others, (c) have disrupted relationships and impaired social support, (d) be less responsive to HIV prevention messages, and (e) have poorer treatment adherence (Singh and Ochitill 2006) . Thus individuals with PD have a great need for effective interventions. Yet, these individuals are difficult to engage in interventions and less likely to adequately utilize them. It is not surprising that the number of empirically supported treatment options for PD are limited, and to date, we are aware of only one intervention, Dialectical Behavior Therapy (DBT), that has been modified to address PD in the context of HIV infection (Wagner et al. 2004) , though empirical support for this modified intervention has yet to be established. Clearly much more research is needed on the negative health consequences that accompany PD in people living with HIV, including poorer treatment adherence, maladaptive coping strategies, substance abuse, and diminished quality of life. For example, our data have shown that PD indications are predictive of increased HIV symptoms and decreased health-related quality of life (Hansen et al. 2007 ). Additionally, empirically-supported substance use prevention and HIV riskreduction interventions, and mental health treatments, are needed to address the complex needs of individuals with comorbid PD and HIV infection.
With advances in treatment that have significantly decreased the number of deaths directly attributable to AIDS, people living with HIV infection are living long enough to die from alternative causes, many of which are directly (Sackoff et al. 2006 ) and indirectly (Bica et al. 2001) related to substance use and abuse. Additionally, there is evidence that alcohol use has a synergistic effect with antiretroviral therapies, resulting in increased hepatotoxicity (Neuman et al. 2006) , and contributing to accelerated disease progression in comorbid conditions such as Hepatitis C (Cooper and Cameron 2005) . It is important, therefore, to identify risk factors for increased substance use, and to develop effective prevention and treatment strategies to reduce substance use, among people living with HIV infection (Bryant 2006) .
HIV-positive individuals are at increased risk for experiencing stressful and traumatic events, including AIDSrelated losses, and these experiences increase the risk of substance use and abuse. We found social support to provide a buffer against substance use, which suggests that enhancing and mobilizing social support resources may be an effective strategy for prevention and treatment with this population, and supports the use of group intervention formats in addressing grief and substance use (see Hansen et al. 2006; Sikkema et al. 2006) . It is important, therefore, that integrated HIV/AIDS services be established that can provide: (a) adequate case management and links to care providers; (b) links and access to available social support resources, including support and self-help groups and community and/or religious organizations; and (c) coping skills training to enhance the ability of HIV-positive individuals to cope effectively with stressors.
